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ABSTRACT  8 
Both strigolactones (SLs) and nitric oxide (NO) are regulatory signals with diverse roles during 9 
plant development and stress responses. This review aims to discuss the so far available data regarding 10 
SLs-NO interplay in plant systems. The majority of the few articles dealing with SL-NO interplay focuses 11 
on the root system and it seems that NO can be an upstream negative regulator of SL biosynthesis or an 12 
upstream positive regulator of SL signaling depending on the nutrient supply. From the so far published 13 
results it is clear that NO modifies the activity of target proteins involved in SL biosynthesis or signaling 14 
which may be a physiologically relevant interaction. Therefore, in silico analysis of NO-dependent 15 
posttranslational modifications in SL-related proteins was performed using computational prediction tools 16 
(GPS-SNO and GPS-YNO2) and putative NO-target proteins were specified. The picture is presumably 17 
more complicated, since also SL is able to modify NO levels. As a confirmation, author detected NO 18 
levels in different organs of max1-1 and max2-1 Arabidopsis and compared to the wild-type these mutants 19 
showed enhanced NO levels in their root tips indicating the negative effect of endogenous SLs on NO 20 
metabolism. Exogenous SL analogue-triggered NO production seems to contradict the results of the 21 
genetic study, which is an inconsistency should be taken into consideration in the future.  In the coming 22 
years, the link between SL and NO signaling in further physiological processes should be examined and 23 
the possibilities of NO-dependent posttranslational modifications of SL biosynthetic and signaling 24 
proteins should be looked more closely.   25 
 26 
ABBREVIATIONS 27 
 28 
ABA, abscisic acid; AM, arbuscular mycorrhiza; AR, adventitious root; cPTIO, 2-(4-Carboxyphenyl)-29 
4,4,5,5-tetramethylimidazoline-1-oxyl-3-oxide; GA, gibberellic acid; GSNO, S-nitrosoglutathione; H2O2, 30 
hydrogen peroxide; LR, lateral root; NO, nitric oxide; NOS, nitric oxide synthase; NR, nitrate reductase; 31 
PR, primary root; SL, strigolactone; SLAC1, SLOW ANION CHANNEL-ASSOCIATED 1; SNAP, S-32 
nitroso-penicillamine; SNP, sodium nitroprusside. 33 
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STRIGOLACTONES (SLs), THE NEW CLASS OF PANT HORMONES WITH DIVERSE 1 
ROLES 2 
 3 
Strigolactones have been first extracted and characterized from root exudates of higher plants and 4 
identified as germination inducers of parasite plants in the 1960s (Cook et al. 1966). In the last few years, 5 
new roles of SLs in plants have been discovered from triggering hyphal branching of arbuscular 6 
mycorrhizal (AM) fungi (Akiyama et al. 2005) to diverse growth modulating functions in plants meaning 7 
that SLs are phytohormones (Umehara et al. 2008) regulating processes at all stages of life cycle of seed 8 
bearing plants.  9 
In the chemical sense, SLs are terpenoid lactones consisting of a central tricyclic lactone (ABC 10 
rings), which connects to the butenolide group (D ring) through an enol ether bridge. The structure-based 11 
categorization of SLs classifies the ABC ring containing canonical SLs (such as orobanchol- and strigol-12 
type SLs) and the recently discovered noncanonical SLs lacking such a ring (like carlactone and methyl 13 
carlactonoate) (Waters et al. 2017). The stereochemistry and structural features of SLs determine their 14 
specificity and biological activity in planta. The fast development of this research area and the high level 15 
of researcher's interest is faithfully reflected by the fact that in the last 1-2 years several review papers 16 
deal with the different aspects of SLs (Zwanenburg et al. 2016, Pandey et al. 2016, Marzec 2016, Siddiqi 17 
and Husen 2017, De Cuyper and Goormachtig 2017, López-Ráez et al. 2017, Waters et al. 2017, Lumba 18 
et al. 2017, Khosla and Nelson 2017). Despite there are several unanswered questions regarding the 19 
presence and action of SLs in plants and one of them is some aspects of their biosynthesis. The currently 20 
known at least twenty stigolactones are synthetized from carotenoids in the plastids with the involvement 21 
of multiple but only partly known enzymes such as beta-carotene-isomerase (D27), two carotenoid 22 
cleavage dioxygenases (CCD7/MAX3 and CCD8/MAX4), cytochrome P450 (MAX1) and lateral 23 
branching oxidoreductase (Alder et al. 2012, Brewer et al. 2016). At the organ level, it has been shown 24 
that strigolactone biosynthesis takes place in both the root and the shoot system and that the strigolactone 25 
signal moves root-to-shoot direction in plants (Foo et al. 2001). 26 
The perception and signaling of SLs involve two classes of proteins; the DWARF14 (D14) 27 
proteins having α/β fold hydrolase activity and MORE AXILLARY GROWTH2 (MAX2) F-box type 28 
proteins. According to our present knowledge, D14 proteins perceive SL signal which leads to the 29 
degradation of the SL ligand and to the concomitant conformational change in D14 protein. This in turn, 30 
leads to the ubiquitination and proteasomal degradation of downstream SL signaling elements (Hamiaux 31 
et al. 2012, Chevalier et al. 2014, Zhao et al. 2015).  32 
Both biochemical and genetic approaches are widely applied in SL-related research. Biochemical 33 
studies include pharmacological modification of endogenous SL content using synthetic SL analogues 34 
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such as GR24 or biosynthetic inhibitor such as TIS108. These experiments are often supported by using 1 
mutant plant lines like Arabidopsis d27, max1, max2, max3, d14 (Waters et al. 2012a, Stirnberg et al. 2 
2002, Booker et al. 2004, Waters et al. 2012b, respectively). 3 
The most studied and primary physiological effect of SLs within the plant body is the inhibition 4 
of shoot branching. Besides, processes like secondary growth, shaping of root system architecture, leaf 5 
senescence, hypocotyl elongation, photomorphogenesis and flower development proved to be regulated 6 
by endogenous SLs as well (reviewed by Waters et al. 2017). Furthermore, SLs have been implicated in 7 
plant stress responses to diverse abiotic factors like nutrient deficiency (Bouwmeester and Ruyter-Spira 8 
2011), salinity and drought (Ha et al. 2014).  In addition, they are key molecules in plant communication, 9 
as they stimulate the germination of parasitic plants (Cook et al. 1966), and the branching of AM fungi 10 
(Akiyama et al. 2005), on the other hand they contribute to the protection against pathogenic bacteria and 11 
fungi (refs. in Marzec 2016). 12 
Since being a developing research area, several interactions of SLs with well-known 13 
phytohormones have been recently described. SLs and other hormones can act in concert or they can 14 
operate sequentially in a cascade; however, these interactions are mainly known at the phenomenon level 15 
(Zwanenburg et al. 2016). For instance, both auxin and SLs were proved to be able to influence each 16 
other’s levels and distribution in a dynamic feedback loop during the coordination of shoot branching 17 
(Hayward et al. 2009). Novel data obtained in pea suggest a homeostatic feedback loop in which auxin 18 
up-regulates SL synthesis in RAMOSUS2 (RMS2) gene-dependent manner and SL down-regulates auxin 19 
synthesis via RMS3 and RMS4 during branching (Ligerot et al. 2017). Regarding cytokinins, the 20 
downregulation of SL biosynthetic gene expression by nitrogen supply may be realized through CK 21 
signaling and these hormones share a common molecular target (FC1 gene) in the buds (Xu et al. 2015). 22 
As a consequence of their common biosynthetic pathways, correlation between abscisic acid (ABA) 23 
levels and strigolactone production was evidenced by López-Ráez et al. (2010) using tomato mutants 24 
suggesting the involvement of ABA in the regulation of strigolactone biosynthesis. At the same time, SLs 25 
were shown to negatively impact ABA levels by upregulating ABA catabolic gene (PrCYP707A1) in the 26 
obligate root parasitic plant, Phelipanche ramosa L. Pomel (Lechat et al. 2015). Moreover, there are 27 
indications that at some stages of plant development SLs may act together with gibberellic acid (GA) (refs 28 
in. Marzec 2017) and that in rice and Arabidopsis the SL biosynthetic genes are negatively regulated by 29 
GAs (Marzec and Muszynska 2015).  30 
SLs and their analogs have a great potential for agricultural applications. Besides the control of 31 
parasitic weeds, SLs may improve the structure of agriculturally important plants as well. The possible 32 
practical utilization of SLs is currently under active investigation (Vurro et al. 2016). 33 
 34 
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 1 
 2 
NITRIC OXIDE (NO), THE MULTIFUNCTIONAL GASEOUS PLANT SIGNAL  3 
 4 
Similar to SLs, also NO proved to be a multifunctional growth regulator in plants; however, it 5 
began its career as a vasodilator (Ignarro et al. 1987). The occurrence of NO in biological systems is 6 
universal, hence every living organism from bacteria to humans is capable of the synthesis of this small, 7 
simple diatomic gas. According to our present knowledge, algae possess nitric oxide synthase (NOS)-like 8 
enzyme system for producing NO (Foresi et al. 2010, Jeandroz et al. 2016, Santolini et al. 2017) while 9 
this ability may have been evolutionary lost and has taken over by reductive NO synthesis pathways in 10 
higher land plants (Fröhlich and Durner 2011). Instead, in land plants possessing nitrate-dependent 11 
metabolism, nitrite has been evidenced as the main source for NO production (Santolini et al. 2017). The 12 
involvement of several enzymes has been suggested in nitrite-originated NO production such as nitrate 13 
reductase (Desikan et al. 2002, Rockel et al. 2002, Kolbert et al. 2008, 2010), xanthine oxidoreductase (Li 14 
et al. 2001) and a still un-identified plasma membrane-bound nitrite reductase (Stöhr and Ulrich 2002). 15 
Contrary to SL, there is no specific site of NO synthesis in the plant body, it is formed in a wide 16 
variety of tissues in both organs. Moreover, nitric oxides are formed via physical processes in the 17 
atmosphere and via microbial activity in the soil, thus the endogenous NO production of plants is 18 
supplemented by NO uptake from the environment (Cohen et al. 2009). Due to its lipophilic nature, the 19 
short-term cell-to-cell translocation of NO is a simple diffusion, whereas long distance movement is 20 
thought to be possible via the xylem in the form of S-nitrosoglutathione (GSNO) (Corpas et al. 2013). 21 
Currently it is believed that plant cells do not contain specific receptors for NO but the signal 22 
perception and transfer of NO bioactivity is achieved by direct modification of target proteins (Yu et al. 23 
2014). The three known and physiologically relevant NO-dependent posttranslational modifications are 24 
cysteine S-nitrosylation, tyrosine nitration and metal nitrosylation (Astier and Lindermayr 2012). 25 
Additionally, the connection of NO signal to Ca
2+
-, cGMP-, MAPK-, and PA-dependent signaling has 26 
also been described in different physiological processes (Curtois et al. 2008, Pagnussat et al. 2004, 27 
Lanteri et al. 2008). 28 
Like in case of SL, also NO-related research applies both biochemical and genetic approach for 29 
exploring the effects of NO. In the past years, NO underproducer Arabidopsis mutant lines have been 30 
characterized such as noa1 (Guo et al. 2003), nia1nia2 (Wilkinson and Crawford 1993), and 31 
nia1nia2noa1-2 (Lozano-Juste and León 2010). Nitric oxide overproducer mutants like nox1/cue1 (He et 32 
al. 2004) or gsnor1-3 (Lee et al. 2008) are also being widely used in NO-related experiments. For the 33 
modulation of endogenous NO levels of plants, chemical NO donor treatments (sodium nitroprusside, 34 
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SNP; S-nitroso-penicillamine, SNAP; GSNO) and NO scavengers (mainly 2-(4-Carboxyphenyl)-4,4,5,5-1 
tetramethylimidazoline-1-oxyl-3-oxide, cPTIO) are also applied.   2 
The physiological effects of NO can be categorized in a very similar way to that of SLs. Nitric 3 
oxide regulates growth processes at stages of seed development, vegetative and generative development 4 
like pollen tube growth, seed germination, root growth, gravitropism, flowering, fruit ripening (reviewed 5 
in Kolbert and Feigl 2017). Furthermore, NO participates also in abiotic stress responses of plants. For 6 
instance, its involvement has been discovered during heavy metal exposure, drought, salinity, wounding 7 
(Fancy et al. 2017), or compatible and non-compatible plant-pathogen interactions (Scheler et al. 2013). 8 
However, the overproduction of NO during stresses may negatively impact plant metabolism by inducing 9 
secondary nitrosative stress (Valderrama et al. 2007). 10 
The growth regulating effect of NO can be realized by its diverse interactions with 11 
phytohormones. Auxin-NO interplay primarily regulates root growth processes like lateral root (LR) 12 
initiation (synergism, Correa-Aragunde et al. 2004, 2006), primary root (PR) elongation (antagonism, 13 
Fernández-Marcos et al. 2011), adventitious root (AR, Pagnussat et al. 2002) and root hair (Lombardo et 14 
al. 2006) formation.  Also cytokinins (CKs) are able to interact with NO in different ways: there is a 15 
positive link between CK and NO e.g. during leaf senescence or regulation of cell division (Shen et al. 16 
2013), while antagonism has been revealed in other plant systems (Freschi 2013 and references therein). 17 
Similarly, mutually negative ethylene-NO interaction regulates fruit ripening (Zaharah and Singh 2011), 18 
but they can also positively influence each other’s levels in other plant organs (reviewed by Freschi 19 
2013). Furthermore, nitric oxide has been found to participate in ABA-induced stomatal closure as a 20 
downstream signal element (Neill et al. 2002) but negatively influences GA signaling by reducing GA 21 
sensitivity of the plant tissues (Lozano-Juste and León 2011).  22 
Based on the stimulating effect of NO on plant germination and vegetative growth, NO-releasing 23 
substances such as nanoparticles could be effectively applied in agricultural practice; however, it is 24 
necessary to develop new strategies based on the combination of NO and nanomaterials during crop 25 
production (Seabra et al. 2014). 26 
It is clear that both NO and SL are important signal components of practical significance in 27 
plants, their interplay; however, been poorly examined so far. The aim of this review is to summarize and 28 
discuss the few available literature data regarding the interaction between strigolactones and nitric oxide 29 
in plants. 30 
 31 
 32 
CROSS-TALK BETWEEN STRIGOLACTONES AND NITRIC OXIDE IN PLANTS 33 
  34 
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The first report suggesting interplay between SLs and NO was published by Barthi and Bathla 1 
(2015). In this pharmacological study, lateral and adventitious root formation of sunflower seedlings was 2 
significantly reduced by GR24 treatment which was accompanied by inhibited 1-aminocyclopropane-1-3 
carboxylate synthase activity, diffuse PINOID (PIN) protein distribution and decreased calcium signal. 4 
More interestingly, exogenous GR24 treatment resulted in diverse alterations in NO levels of the root 5 
system, since NO level decreased in LRs and enhanced in the PR tips. This study, however did not 6 
provide explanation for SL-triggered NO level changes, so the question regarding the nature of the NO 7 
modulating effect of SL signaling remained unanswered. Authors applied fluridone (FL) as the inhibitor 8 
of SL biosynthesis, but in some cases the effect of GR24 could not be reversed by this treatment, possibly 9 
because FL does not specifically inhibit SL synthesis but also suppresses ABA biosynthesis (Gamble and 10 
Mullet 1986). Using tissue homogenates of sunflower seedlings, Barthi and Bathla (2015) observed ~two-11 
fold increment in the activity of the SL biosynthetic enzyme CCD in the presence of NO scavenger 12 
(cPTIO) indicating the negative egulatory effect of endogenous NO on SL biosynthesis; although, 13 
exogenous NO donor, SNP did not modify CCD activity. Similarly, application of peroxynitrite was 14 
ineffective on CCD activity suggesting that nitration may not modify CCD enzyme protein. Instead, the 15 
Authors hypothesize that NO can directly and reversibly bind Fe
2+
 in the active site of CCD inhibiting its 16 
activity and consequently negatively regulating SL synthesis.  17 
These results were confirmed by the pharmacological experiments of Manoli et al. (2016) who 18 
studied nitrate-induced root elongation in maize seedlings and a root zone-specific down-regulation of SL 19 
biosynthetic genes (especially CCD7 and CCD8) was observed which was mitigated/prevented by cPTIO 20 
addition. Moreover, SNP further decreased the expression of CCD genes. These indicate that NO is an 21 
upstream regulator of SL synthesis during nitrate-induced elongation. According to the working model 22 
provided by Manoli et al. (2016), nitrate induces fast NO burst which negatively affects SL levels leading 23 
to PIN-dependent auxin re-distribution and cell elongation. Additionally, exogenous SL induces NO 24 
formation in the roots which in turn inhibits its own synthesis, meaning that the negative feedback 25 
regulation of SL levels may be realized through NO. 26 
Similar to nitrate addition, also inadequate supply of nitrate or phosphate can induce root 27 
elongation in plant species like rice (Sun et al. 2014). Strigolactones have been implicated in low N and 28 
low P-induced root elongation since rice mutants deficient in SL signaling elements (d10, d3) showed 29 
reduced sensitivity to low N (LN) and low P (LP) supply compared to the wild-type (Sun et al. 2014). 30 
Also NO has been shown to be associated with root growth processes such as primary root elongation and 31 
both inhibition and induction of elongation have been observed depending on the plant species and 32 
environmental conditions (Yu et al. 2014). Recently, Sun et al. (2016) examined the possible link between 33 
SL- and NO signaling in LN- and LP-induced root elongation using mutant rice lines. They observed that 34 
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NO production is triggered in the root tips of rice by low N and low P supply. Regarding the NO sources, 1 
low N supply induces NO production through both the nitrate reductase (NR) and the nitric oxide 2 
synthase-like dependent pathways, while low P-induced NO derives from NOS-like activity. Experiments 3 
using pharmacological treatments and NO deficient rice mutants (nia2-1, nia2-2) indicated that both NO 4 
and SLs are positive regulators of meristem activity thus inducing root elongation. Since an inhibitor of 5 
SL biosynthesis prevents NO (SNP)-induced elongation, the involvement of SL as a downstream element 6 
in NO signaling could be concluded.  However, NO did not influence either SL concentrations or the 7 
expression of SL biosynthetic genes. Instead, exogenous NO was found to induce the expression of SL 8 
signaling genes, D14 and D53. In case of the repressor D53, the involvement of proteasome activity in 9 
NO-induced decrease of D53 protein level was evidenced. The data of Sun et al. (2016) shows that NO 10 
positively regulates SL signaling by regulating the proteasome-dependent decomposition of D53 11 
repressor protein during LN- and LP-induced seminal root elongation in rice.  12 
It is known that NO is able to directly interact with proteins thus modifying their structure and 13 
function through posttranslational modifications like S-nitrosylation and tyrosine nitration (Astier and 14 
Lindermayr 2012). It is possible to examine the probability of these modifications on certain proteins in 15 
silico using algorithms such as Group-based Prediction Systems GPS-SNO 1.0 (Xue et al. 2010), GPS-16 
YNO2 1.0 (Liu et al. 2011) or iSNO-PseAAC (Xu et al. 2013) and iNitro-Tyr (Xu et al. 2014). Therefore, 17 
the possible NO-dependent modification of proteins involved in SL biosynthesis or signaling have been 18 
predicted. In every examined protein sequence, there were S-nitrosylated amino acids predicted by both 19 
applied algorithm. In contrast, GPS-YNO2 and iNitro-Tyr predicted different nitration sites in the 20 
examined protein sequences. In case of rice D53 protein, interestingly no nitration sites were predicted by 21 
the applied algorithm, but S-nitrosylation proved to be plausible at several different cysteine positions 22 
within the protein (Table 1A). This indicates the possibility that these cysteine modifications in D53 23 
protein may lead to its degradation. Other Arabidopsis and rice proteins involved in SL biosynthesis 24 
(CCD7, CCD8, D27, MAX1) and SL signaling (D14, MAX2, D3) were predicted to be modulated by S-25 
nitrosylation (Table 1A) and/or tyrosine nitration (Table 1B) which suggests that these SL-related 26 
proteins may be targets of NO action. It is worth mentioning that such in silico predictions do not 27 
substitute experimental work rather can serve as a starting point for exploratory research. Even so, that 28 
these SL-related proteins have not been identified so far as nitrosylated or nitrated in proteomic studies 29 
(Lindermayr et al. 2005, Lozano-Juste et al. 2011). 30 
The above presented results proved the upstream regulatory role of NO on SL biosynthesis or 31 
signaling; however, in the recent work of Lv et al. (2017) the participation of NO (and hydrogen peroxide, 32 
H2O2) in the signal network of SL during stomatal closure of Arabidopsis was evidenced. Using SL-33 
related Arabidopsis mutants (max1-1, max2-1, max4-1, max3-9, atd14-5) and pharmacological treatments, 34 
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exogenous SL has been found to induce stomatal closure independently from ABA signaling. However, 1 
similar to the mechanism for ABA, exogenous SLs induce the accumulation of both H2O2 and NR-2 
dependent NO in the guard cells and may activate the SLOW ANION CHANNEL-ASSOCIATED 1 3 
(SLAC1) to promote stomatal closure. Interestingly, in the more opened stomata of the SL mutants, wild-4 
type like NO levels were detected. The question arises that which NO levels can be detected in other 5 
organs of Arabidopsis SL mutants? In order to examine the question, NO levels in root tips, hypocotyls 6 
and cotyledons of six-days-old wild-type (Col-0), max1-1 and max2-1 mutant seedlings were determined 7 
using fluorescent microscopy (Fig 1). The max1-1 SL deficient mutant contained 20.23% higher NO 8 
levels in the transition zones of their root tips (indicated by white arrow in Fig 1 B) compared to Col-0, 9 
while in case of max2-1, this difference proved to be slighter (only 11.5%, indicated by white arrow in 10 
Fig 1 C). Additionally, no difference in NO levels of cotyledons was observed in the plant lines (Fig 1D). 11 
Interestingly, the NO levels were slightly (by 20.17%) enhanced in the relative long hypocotyls of max2-1 12 
mutants compared to the wild-type (Fig 1D). These differences in NO levels even if they are moderate 13 
suggest that in the roots endogenous SLs negatively affect NO levels, but in other works, exogenously 14 
applied SL analogue, GR24 caused enhanced NO levels in sunflower and maize roots (Barthi and Bathla 15 
2015, Manoli et al. 2016). Similarly, the application of SL analogue GR24 (10
-6
 M) in Arabidopsis 16 
significantly induced NO levels in the root tips of all three plant lines (Fig 2), which contradicts the 17 
results of the genetic analysis. This techniqual discrepancy is not restricted to SL analogues as it is also 18 
the case with e.g. chemical NO donors since not all responses induced by NO donors are reproducible in 19 
other experimental designs (Floryszak-Wieczorek et al. 2006). In the light of these, it is advisable to 20 
interpret SL-NO-related pharmacological experiments carefully and to carry out concomitant genetic 21 
analysis. 22 
 23 
 24 
CONCLUSION AND FUTURE PERSPECTIVES 25 
 26 
We can definitely state that SLs are one of the molecule families produced by plants with the 27 
most complex functions, since they regulate growth processes, stress responses and they are also 28 
ecologically important. Nitric oxide regulates the developmental processes of seed bearing plants in a 29 
similarly diverse way, and at physiological concentrations it also enhances the biotic and abiotic stress 30 
tolerance of plants. The majority of the few articles dealing with SL-NO interplay focuses on the root 31 
system and the results and conclusions are quite diverse. It seems that NO is an upstream negative 32 
regulator of SL biosynthesis during LR and AR formation of sunflower and during nitrate-induced root 33 
elongation in maize (Fig 3A). Since exogenous SL causes NO production leading to inhibited SL 34 
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biosynthesis, the involvement of NO in the negative feedback regulation of SL level has been assumed 1 
(Fig 3A). In contrast, in rice roots during low N and low P supply, NO proved to be an upstream positive 2 
regulator of SL signaling through the induction of D53 degradation (Fig 3B). From the so far published 3 
results, it can be seen that NO modifies the activity of target proteins involved in SL biosynthesis or 4 
signaling. In case of SL biosynthetic enzyme CCD, inactivation by NO-mediated metal nitrosylation has 5 
been assumed; although experimental evidence is still lacking. In addition, D53 protein, the repressor of 6 
SL signaling proved to be negatively affected by NO and its NO-triggered proteasomal degradation was 7 
supposed. Further shades the picture that in a quite different experimental system, NO was shown to be a 8 
downstream element of SL signaling leading to ABA-independent stomatal closure (Fig 3C).  9 
In the future, the link between SL and NO signaling in other physiological processes should be 10 
examined in order to confirm the nature of their interaction (upstream-downstream, synergistic, 11 
antagonistic). In some cases, SL-induced NO synthesis was observed but the explanation of the 12 
mechanism will be the task of futu e experiments. Since the effect of NO on SL-related proteins seems to 13 
be physiologically relevant, the possibilities of NO-dependent posttranslational modifications (S-14 
nitrosylation, tyrosine nitration, metal nitrosylation) of SL biosynthetic and signaling proteins should be 15 
looked more closely.   16 
 17 
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FIGURE LEGENDS 1 
 2 
Fig 1 Representative fluorescent microscopic images showing DAF-FM DA stained root tips of wild-type 3 
(Col-0, A), max1-1 (B) and max2-1 (C). Bars=200 µm. White arrows indicate the transition zone. (D) 4 
Values of NO-dependent fluorescence intensities in the transition zones of primary root (PR), in 5 
hypocotyls and in cotyledons of 6-days-old wild-type, max1-1 and max2-1 Arabidopsis seedlings. Whole 6 
seedlings were stained with 10 µM DAF-FM DA (in Tris-HCl, 7.4) for 30 min at room temperature in 7 
darkness and were washed two times in buffer. Asterisks indicate significant differences according to 8 
Student’s t-test (n=20, *P≤0.05, **P≤0.01), and n.s. indicates statistically non-significant differences. 9 
 10 
Fig 2 Values of NO-dependent fluorescence intensities in the transition zones of primary roots of control 11 
(without GR24) and 10
-6
 M GR24-treated 6-days-old wild-type, max1-1 and max2-1 Arabidopsis 12 
seedlings. GR24 (rac-GR24, Chi alix, Nijmegen, The Netherlands) stock solution was prepared in 13 
acetone, was further diluted with sterile distilled water and was applied in MS medium at 10
-6
 M 14 
concentration. Whole seedlings were stained with 10 µM DAF-FM DA (in Tris-HCl, 7.4) for 30 min at 15 
room temperature in darkness and were washed two times in buffer. Asterisks indicate significant 16 
differences according to Student’s t-test (n=20, *P≤0.05, **P≤0.01, ***P≤0.001). 17 
 18 
Fig 3 Schematic representation of so far observed SL-NO interactions in different experimental systems. 19 
(A) During nitrate-induced root elongation, the produced NO reduces SL biosynthesis (possibly through 20 
metal nitrosylation of CCD) thus resulting in alterations of PIN-mediated auxin transport leading to cell 21 
elongation. Exogenous SL induces NO production which may be the integral element in the negative 22 
feedback regulation of SL levels (Manoli et al. 2016). (B) Also low N and P supply can trigger root 23 
elongation during which the accumulated NO (by NR and/or NOS-like pathways) presumably induces the 24 
proteasomal-degradation of D53 repressor protein and consequently enhances SL signaling which leads to 25 
elongation (Sun et al. 2016). (C) Exogenous SL induces stomatal closure through the production of NO 26 
and H2O2 and the activation of slow anion channel associated 1 but independently from ABA (Lv et al. 27 
2017). 28 
 29 
 30 
 31 
 32 
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Table 1 List of SL biosynthetic and signaling proteins which have been predicted to be modified by NO-dependent posttranslational modifications. Amino 
acid sequences of Arabidopsis and rice SL-related proteins in FASTA format were downloaded from UniProt database and submitted to GPS-SNO 1.0, iSNO-
PseAAC, GPS-YNO2 1.0 or iNitro-Tyr software. Predictions were carried out using medium threshold.  The prediction results (position, peptide) were 
extracted into an Excel file for further analysis. Amino acid positions and peptides predicted by both computational tools are in italic.  
 
A) Predicted S-nitrosylation sites 
GPS-SNO 1.0    iSNO-PseAAC  
protein name position peptide   position peptide 
SL biosynthesis 
    
MAX4/CCD8 (A. thaliana) 79 KVEGERRCHVAWTSV 
 
79 EKEKVEGERRCHVAWTSVQQE 
    
166 YKAAKKHNRLCYREFSETPKS 
    
217 VIKLGDGRVMCLTETQKGSIL 
    
395 GKATVIIADCCEHNADTRILD 
    
474 LGQKYRYVYACGAQRPCNFPN 
    
480 YVYACGAQRPCNFPNALSKVD 
    
565 PYGLPYGLHGCWIPKDXXXXX 
     
SL signaling 
    
MAX2 (A. thaliana) 
63 DLSLVPDCFRSISHL 
63 NARDLSLVPDCFRSISHLDLS 
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215 SSEIVSITKSCPNLKTFRVAC 
 
  
 
317 GVALEALNSKCKKLRVLKLGQ 
  
332 VLKLGQFQGVCSATEWRRLDG 
 
  
 
346 EWRRLDGVALCGGLQSLSIKN 
  
372 DMGLVAIGRGCCKLTTFEIQG 
  
373 MGLVAIGRGCCKLTTFEIQGC 
 
  
 
410 KTLTDVRISCCKNLDTAASLK 
  
426 AASLKAIEPICDRIKRLHIDC 
 
  
 
471 DDGYERSQKRCKYSFEEEHCS 
  
536 EEIRIKIEGDCRGKRRPAEPE 
 
  
 
551 RPAEPEFGLSCLALYPKLSKM 
  
565 YPKLSKMQLDCGDTIGFALTA 
 
  
 
679 DMSTEMRVGSCSRFEDQLNSR 
D53 (O. sativa) 11 PVAAARQCLSPAAVP 
 
77 PRVQLKALDLCFAVSLDRLPS 
 
644 SKGSSSTCSKRVEDS 
 
551 VGVQKDVIKPCAVSAVHSSST 
 
940 TKIQASLCSGSISKR 
 
752 LSAICESIVRCRSTESRRGPN 
 
1107 STLRLVACEDTVPAV 
 
819 SSFRGKTGIDCIVEQLSKKRQ 
 
1131 PPRIILDC******* 
 
919 VEPGRAITSGCPSGKVVVSPR 
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940 HFLTKIQASLCSGSISKRKLS 
 
  
 
1131 VLLPPRIILDCXXXXXXXXXX 
D3 (O. sativa) 142 IAARLAGCFPAVTSL 
 
142 NAFIAARLAGCFPAVTSLAVY 
 
453 RLLHTAECLTALSPI 
 
153 FPAVTSLAVYCRDPTTLANLT 
    
256 SSELGPIAASCPNLRKLVAPC 
    
288 DDALLSLATSCPRLTVLRLSE 
    
353 APAMEALARRCPRIKFLTLGS 
    
368 FLTLGSFQGLCKASWLHLDGV 
    
407 DASLAAIGRGCRRLAKFGIHG 
    
445 PTLKEVTVLHCRLLHTAECLT 
    
471 RDRIESLEINCVWNTTEQPCS 
    
653 TLPAVGLIQRCVGLRKLFIHG 
      
 
B) Predicted tyrosine nitration sites 
 
GPS-YNO2 1.0 
 
iNitro-Tyr 
protein name position peptide   position peptide 
SL biosynthesis 
  
   
D27 (A. thaliana) 77 FSKIAINYLSKNLQD 42 LCSKPVYSGKLKAAK 
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182 RKEKSVVYIEKCRFL 
 
MAX3/CCD7 (A. thaliana) 137 KATFTAKYVKTEAKK 
 
61 
SSAFRDYQSLFVSQR 
   403 
HSGNAYETREDNGDL 
   
 
423 
SACSYRWFDFQKMFG 
   580 
SGKKNKYMYSAASSG 
MAX1 (A. thaliana) 316 KNIFTSDYISAVTYE 
147 
TILSLYQPSHLTSLI 
 
322 DYISAVTYEHLLAGS 
 
341 
KNIFTSDYISAVTYE 
 
409 KEVEIGGYLLPKGTW 
504 PLQLDYGIILSFKNG 
   
SL signaling 
  
   
D14 (A. thaliana) 93 LGIQNCAYVGHSVSA 
 
75 TTLDPYVDDLLNIVD 
 
  
 
132 LNDEDYHGGFEEGEI 
MAX2 (A. thaliana) 111 FVESLNVYTRSPSSL 
 
169 VESLNVYTRSPSSLE 
 
464 HEEEDDGYERSQKRC 
 
500 EDRVWEKLEYLSLWI 
D3 (O. sativa) 501 DDELGEVYESAAKKC 
 
123 SSGMNVYHPEAISEQ 
 
629 QTLYELDYWPPQDKD 
 
501 ELGEVYESAAKKCRY 
 
688 DMQLREDYYPAPEND 510 KKCRYMEFDDLGSWE 
 
   
629 ELDYWPPQDKDVHHR 
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